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DEGREL OF COALIETCALTON

Tadeusz Mleleckl, Chemilceal Engineer

; Contentgs A dlscussion of the 'cozlification degree' concepl --

The possibility of finding verious suwbstances with different de-

grain of coal -~ A classifi-

grees of coalification within the seme

cation of the charscteristic qualities of coal in relation to the

degrec of c#ification,

The 'coalifiication degree' concept is widely known, and is

frequently used in postwar publications, bobh here and abroad.

In spite of thet, it must be admitted thab this concept is not

very clearly defineds The concepl has no doubt been derived from i
the observstion that verious kinds of mined coal contain varying

amounts of carbon, ise., the chemicel element C, and thus are to

a greater or lesser degree coslified (in Polish, the terms 'oweg-

lone! or 'zwegione! [instead of "uweglone'] had previously been

T A o

used). It has been found that the properties of coal vary in re-
lation to its carbon content. The carbon content is inversely re-

lated to the content of volatile matter and thus either content

can be used as an index to determine the degree of coalification

of a given coal sample.

The problem of determining the degree of coslification
would thus be solved, if it were not for the fact that different
petrographic components of the same piece of coal contain many
different proportions of carbon and of volsbile matter. This is el
clearly appavent when the vitrain and fusain of the same coal sample

are compared. Therefore, there can only be a question of the
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degree of coallfication of pure mierescoplc petrographic compo-
nents [L]. Strietly speaking, one ghould go much further and con-
slder the degree of coallfication of individual pure chemical sub-

stances conbained in the orlginal plant materials, i.e., one should
simply epealk of the degree of chemicel and physical-chemical trans-

formation of the original materiale

The following definition of coslification degree can be de-

rived from these considerations:

The degree of coalificstion is defined by the chemical,
physical, and physical-chemical condition of the plant matter which
had undergone a definite period of biochemical and geo-chemical

trensformation, specific .to each coal grain

The term "coal grain' is used, since in practice only a

definite piece (or grain) of coal is available for study.

Tt is assumed that the attained degree of coalificsbion (SU)

can be expressed by the equation

SU: '7'~“§\) + 2 AN

the influence of biochemical factors on coalificabion
degree
y is the influence of pressure on coglification degree
2 is the influence of temperature on coalification degree
u is the influence 211 other factors on coalification

degrees
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Tf two aubslbances present 4n the origlnal plant matber had
undergone aifferent coalification processes, ghen one will have
atbained the d;egi'ae of coplificetion SUl , and the other SUE , Wwere-
by it way happen thet SUy = 8Up; then e+ Y e 2 Dy = <
u a;*' . A Oy 2 and the degree of coalification of the
Lwo substances 1g the sane, in spite of the fact thal they belong
‘Lo two different coal graing, obbeined from tWo different coak

basinse

If, however, an entire coal grain is considered, ley & mix=
Lure of various subsbances, bthen in grain No 1 the degree of coal~
ification reached by all its compyénen'b subsbences considered
joinbly will equal 8Uq; vhereas in grain No 2, which underwent a
aifferent coalification procéés , certain substances may reach the
degree of coalification SUq, whereas others may reach SUp 0T SUB'
Thigs may happen &s & regsult of di;EJ'".(—;IQ‘mces in the rﬁagni’bud.es of
individual factors influencing coalificabion and/or as @ resulb

of different sequences iAd which these factors had operabed.

This cen be expressed more clearly by means of an example,
in which two subsbances contained in the original plant mabber,
eg, wax (W) and resin {?t) are considered. Tt is assumed that
togebher they were acted upon by the faclbors xl-r ‘1,,’\” 3 4 M
which resulted in a degree of coalii”icati\on SU3 for both substan-
cese Now, if the condj.’bioﬁs of this exper:'unenb were changed end

the two subsbances were both subjected to the operstion of the fac~

tors Xy % Y3 + ? (illegible) + W it might heppen that one

of them would attain a degree of coalification SU3 , and the other
SUu, gince it is possible that the W substance reacts differently

to a change in magnitude of the individual factors than does the 2
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subsbance, Hence, there may be a case where in two different
coal grains bLhe two W substances will have the same degree of
coalificetion in both grains, while the Z substences will have

different degrees of coalification (2), (3).

Thus, strictly speaking, the problem of determining the
degree of coalification would be very complicabed, or even albo-
gether insoluble, if it were not for certain simplifying circun~

stances. These are:

1, The fact thet similar plant mabtter, placed under simi-
lar conditions, probably underwent the seme changes during the

biochemical coalification pericd.

2, The great resistsnce to coalification of certain sub-
steznces conbained in the original plant matter. Thus different
magnitudes of the vsrious factors influencing coalification pro-
duced no changes, or only very slight ones, in the chemical struc-

ture of these substances.

3. The fact that, as the degree of coglification progres-
ses from coal (wegle pYomienne) to the anthracites, the differ-
ences between the individual petrographic components or between
the various chemical substances constituting the coal tend to dis-

~

appesr (3).

-~

Lo The great preponderance of materiéL:gerived from lig-
neous or from lignecus-cellular substances in humus coals, es-
pecially in flaming coals. This preponderance means that any
differences in the remaining coal substance will have little

effect on the given degree of coalification of the coal mass as a
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whole.

T{ these clrcumsbances are taken inbo consideration, 1t omay
be agcumed that for practical purposes, and for purposes of class~
ificabion, the degree of coalification of normal humus coals may be
neagured elther by ghe carbon content or hy the volatile matter con=

tent e

For scientific rescarch purposes, the measurement of the de~
gree of coalification of the pure vitrain substance and perbicular-
ly of ius structural variation, telinibe, is recommended in the

case of hums coals (L)

The sapropelic or leptobiolithic cosl verieties undergo se€p-
aralbe sequences of coalifieation, S0 that the same carbon or vola~
tile matber contents in humus coal and in sapropelic coal do not

signify the seme degree of coalification of the two materialse

A1l characteristic properties of coal may be divigded in three

groups:

1., Those properties which are in an approximately Llinear
relstion to the degree of coalificabion, ie, they are directly or
inversely proportional to the degree of cozlification (these could

be called the Wearbonit-properties).

2, Those properties which are related to the degree of
coalification in such a way that the curve describing this re-

labionship has a maximum Or aminimun. point abt a cerbain degree of

coalification (the so-called ngurface! or 'mydrogen! properties).

The maximum or minimum points usually occur either at about 85

i g 2 i
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percent C content, on the basis of moisture-free and ash-free
matter, or else more often, at the transition point from (tluste)
coking coals to susub-coking and semicoking ie, at about 90 percent

carbon content.

3. Properties which show no relation to the degree of coal-

ification,.

Such differentiation of the properties of coal is of course

based on the structure and the chemiczl composition of coal.

Riley's work (5) sheds interesting light on this problem.
Riley determined the diameter and height of the crystalline of
coal by means of X-ray investigations. It appeared that the diameter
of the crystslline increases in line;r relation to the degree of
coalification, while its height reaches a maximum at the 92 per-
cent C content point. Hence there is here a striking analogy with
the so-czlled "carbon' and "hydrogen" properties of cosl. Among
the former properties are, among oﬁhers: carbon content, oxygen
content, the Wieluch index, volatile matter content, fixed csrbon
content, the so-called fuel ratio, ie, the ratio of fixed carbon
to volatile matter, on the basis of moisture~-free and ash-free
coal, distillable tar content, the phenol content of the distil-
lable tar, oxidizability and its indexes, such as the manganese
rabing, Kreulen's reactivity coefficient, ignition tempersture,
which 1s the mein index of possible tendencies towards self-igni-

tion, etc.

Among the properties of the second group are, among others:
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coling power (maximum ab about 80 to 93 percent C content, porous-
ness (minimum at about B9 percent G); heat of moistening (minimum
st 89 percent C); magnitude of inner surfece (minimum at 89 per-

cent C); pore diemeter (minimum ab 89 1o 93 percent C); percentage
of absorbed pyridine (7) (minimum for rich coking cools); percent-
age of absorbed methyl violet (8) (minimum for rich coking coals);

rate of moistening (9) (minimu for rich coldng coals), ete.

The individual properties listed are often derived from one
or several basic properties of the cosl, as for instance those
properties which depend on the type of inner surface and its degree

of developmente.

As far as the relabion of hydrogen content to the degree of
cozlification is concerned, the curve initially runs arallel
with the degree of cozlificztion axis, ie, sbarting with %anmel
coals and proceeding through the splint-gas coals, gas coals, towards
the gas-coking coals there is no change in the hydrogen conbent.
(According to certain data the first portion of the H durve is par-
allel to the degree of coglificsbion axis or is even somewhal in-
clined at an obtuse angle to this awxise This means that the
hydrogen content is constant, or decreases very slightly, as the
curve proceeds from splint (plomienne) to the gas-coking coals,
ie, up to the point where there is a break in the curve. Data
presented by Regnault and Gruner (Strache Lanp;_Kohlenchemie,
Teipzig 192L, p. 60) seem to indicate that there is a meximum hy-
drogen content with gas coals (80 to 85 percent C, 5.8 to 5 per-
cent H). Franklin's investigations similsrly point towsrds the

¥
occurrence of a maximum point, since she states that hydroi;n content

S
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15 1n Linear relation o the specific volume of the coal, which in
fupn shows a maximum at 85 percent ¢ content, It ghould be men-
tioned that by extrapolating the true density of coal to the point
of zero hydrogen content, Frenklin obtained much lower values than
those of the density of graphite which, in her opinion, indicates
that graphite cannot be considered the wltimate state of coalifica-
tlon.) After the reglon of gas-coking coal‘is peached, there is
a sharp break in the curve as it proceeds in the direction of

anthracite.

The true specific gravity of coal, neasured by means of
liquid helium, shows a minimum point ab 85 percent C, or at the

point where the nydrogen content drops rapidly (10).

T is worth remembering thalt at this point, ie, ab the trans-
ition from gas coal to rich coking coals, the well known "coalifica-

tion jump' occurs, which has been observed with durain coalse.

A linear relation between molsture content and degree of
coalification can be observed up to the point of rich coking coals,

(or meta-coking coal, according to Laskowski and Roga (11) ). In

this type of coal, as wéll as in the sub-coking and semi coking

coals the moilsture content amounts to about 1 percent, on the

basis of air-dried coal samples, This writer has no adequate data
concerning the moisture content of anthracitic types of coal and of
anthracite. It seems, however, that the moisture content of these
types of cozl is greater (eg, the anthracite coal from the coal~-
mine M has a greaber moisture content than coal with a lesser de~-
gree of coalification). Turthermore, moisture content is doubt-

lessly related to the nature and magnitude of the imner surface,
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n turn has & Wpe of relation to the degree of coalifica~
r to that of hydrogen. b would, therefore,

1so show a

which &

tion which 15 simila
ture content should a
ee of coalification.

ihydrogen type of

seem that molsd
n relation to the degr

curve 1
aximum point

Among the coal characteristics which show & M
15 the grindability (maximum for pich coking coal).
t and organic sulphur content are examples

1y have no relation whatevexr 1o

Mitrogen conten
of propartics of coal which probab
the degree of coalifications
o been observed.between'bhe degree of

No relation has hitherb
£ mineral substances

coalification and the content and composition ©

present in coal.
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